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FOREWORD 


This document is Book Q, Pan 2 of the Cycle 0 Study Report 

studies 2d analyses patented by MMC insupponof 
Thp wnrk was ocrfomicd under NASA Contract NAS 8- 37 143 Detw y 

January 1992. This study was performed by Manned Space Systems, Mamn 
cS^om New Orleans, Louisiana for the NASA/Marthall Space Right Center. 


INTRODUCTION 


This report documents the propulsion system tasks performed in support of the 
NLS Cycle 0 preliminary design activities. The report includes trades and analyses 
covering the following subjects: 1) Maximum Tank Stretch Study; 2) No LOX Bleed 
Performance Analysis; 3) LOX Bleed Trade Study; 4) L02 Tank Pressure Limits; 5) LOX 
Tank Pressurization System Using Helium; 6) STME Heat Exchanger Performance; 7) 
LH2 Passive Recirculation Performance Analysis; 8) LH2 Bleed/Recirculation Study; 

9) LH2 Tank Pressure Limits; 10) LH2 Pressurization System. For each trade study an 
executive summary and a detailed trade study are provided. For the convenience of the 
reader, a separate section containing a compilation of only the executive summaries is also 
provided. 
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1.0 SUMMARY 



1 

Stations This can also provide a potential payload improvement of about 3000 lb for 
the NLS 1 1/2 stage vehicle. 

Performance and configuration issues arising from this study adtfressed engine sjzean^^ 

• mixture ratio, PM structural arrangement, packaging, smging feedlinegmb » d P 
length weight sensitivities. It was concluded and recommended that these 1SS ^ S 
addressedYn Cycle 1 studies before the benefits of a stretched tank option could be fully 

evaluated. 

2.0 OBJECTIVE 

The objectives of the maximum tanks stretch study, 3-P-001, are twofold. 

One of .he study objectives is to determine the ^lisnc 1 ^Tehtefe.' lfmustt 

n he stretched to achieve more performance for the 1 1// stage T , • 

^ •* — » «- reau$dc 

stretch limits. 

The second study objective ism 

S^is^hril W Slengine Lture consent as the LH2 tank is sketched. 

3.0 APPROACH 

aPP i ro On h e“e“f 

== of all three 
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sets of tasks were coordinated to develop conclusions relative to tank stretch and a set of 
recommendations for Cycle 1 were developed. 

4.0 RESULTS 

4.1 GROUND RULES AND ASSUMPTIONS 

Certain constraints imposed by the NLS reference configuration were ground ruled for this 
study. These included such items as engine location, a 4/2 PM, feedline geometry and 
routing, prevalves and feedline disconnects similar to those baselined in the NLS reference 
configuration. 

Assumptions were developed to minimize the MPS length given the above constraints and 
consistent with a Propulsion Module (PM) design similar to the NLS reference. These 
assumptions included that the LH2 feedline to the boosters controls minimum length MPS, 
minimum length contoured feedline outlets are used, 0° slope is minimum for all lines, 1.5 
R/D is minimum for pipe bends and lengthy scissors ducts would not be used in feedlines 
to accommodate engine gimballing. 

4.2 MINIMUM LENGTH MPS 

All effort to shorten the MPS was concentrated in shortening the length (Z axis) of the LH2 
booster feedline. This length controls the minimum length routing of the MPS. The 
baseline configuration uses scissors ducts at the engine inlets with pipe bends of R/D =2.5 
and minimum line slopes of 15°. By changing the line slopes to 0° and pipe bends to R/D = 

1 .5, the MPS was shortened by 37 inches relative to the baseline. This reduction translates 
into 37 inches of potential LH2 tank stretch. Replacement of the scissors ducts with 3 pipe 
gimbal joints plus the 1.5 R/D bends and 0° slopes allows the MPS to be shortened 69 
inches. This is the preferred concept provided motion analysis shows that adequate 
clearance between lines is maintained during engine gimballing. 

The use of Pressure Volume Compensated (PVC) ducts was also examined for potential to 
shorten the MPS. PVC length is controlled by engine gimbal requirements with longer 
PVC ducts required for larger gimbal angles. Use of PVC ducts can reduce the MPS 
length by 39 to 72 inches depending on length of the PVC. 

4.3 TANK LENGTH VS FACILITY IMPACTS 

An examination of MAF manufacturing processes and facilities in study 3-S-008A 
revealed several facility impacts relative to the ability to stretch the LH2 tank. It was found 
that modifications necessary to stretch the LH2 tank up to 5 feet (NSL baseline) are minor. 
Facility modifications necessary to stretch the LH2 tank from 5-1 1 feet are considered 
significant but not major. To stretch a LH2 longer than 11 feet would require major 
modifications to existing production facilities and some new facilities. It was found that 
modification of certain one-of-a-kind facilities to accommodate LH2 tank stretch would be 
critical facility impacts. Cell A (core tank stacking) and Cell E (internal LH2 clean/indite) are 
critical facilities. Cell A and Cell E have modification for tank stretch limits of 12 and 17 feet 
respectively. Tank stretch beyond these limits would require a new cell. 

The MAF cost impacts associated with these facility impacts were studied under a company 
funded project. This cost study developed a cost impact vs LH2 tank stretch length that 
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increases in unique steps as various facilities are modified to accommodate increasing tank 
length. 

This cost trend reflects the facility modification break points at 1 1 ft and 17 feet of stretch 
discussed above. 

4.4 SENSITIVITY ANALYSES 

Using the preferred concept to shorten the propulsion module, prelimnary vehicle weight 
trends were developed to show the vehicle weight sensitivity to tank stretch. Tank weight 
ES with streSh while propulsion module weight decreased with an overall re ult of 
vchide weight decreasing about 1 134 lb /foot of tank stretch up to a stretch slightly less than 

12 feet. 

The payload performance of the 1 1/2 stage vehicle was examined as a function °ftanksffetch 
and was found to increase in a non-linear fashion as the tanks are stretched. It was also found 
that increasing the engine thrust from the NLS baseline (580 KSL) to 640 K (SL) improved 
performance and better utilized the stretch tank capabilities. 

4.5 PAYLOAD PERFORMANCE 

Payload performance of the 1 1/2 stage vehicle was calculated using the assumed vehicle 
weight trends for three LH2 tank lengths, STD ET, NLS refr (+0 ft) an • 

length of the L02 tank was adjusted to maintain an engine mixture ratio 6.0. Both the i 
refr STME (580K) and a 640K engine thrust level were assumed. It was found that tne 
NLS 1 1/2 stage vehicle payload requirement of 50 Klb could be met by either a U 
stretched vehicle with 580K engines or a 5 ft stretched vehicle (NLS ref.) with 640K 
engines. Liftoff thrust/weight is marginal (1.2) for the 10 ft/580K vehicle. It appears t 
the NLS ref., length (5 ft stretch) with 640K engines is the better option. 

5.0 TECHNICAL ISSUES 

Technical issues that evolved from the 3-P-001 configuration and sensitivity studies can 
begrouped into performance issues and configuration issues. 

Performance issues include: 1) Engine mixture ratio (can stretching only the LH2 tank and 
allowing engine mixture ratio to decrease improve stretched vehicle perform^ce.), 2) 

Engine out capabilility (Can engine out requirements be lessened to eliminate the ^ ed J° r 
tank stretch* 7 )- 3) Increased engine thrust (should larger and more cost ly engines be u $ ed to 
SS *en2d onk srreSh?); 4) PM Weigh, vs La,g* is non vdldrfm^ [(should 
these analyses be refined?); and 5) 1 1/2 stage vehicle performance i > ««mely sensiuve 
to PM vs length assumptions, ie, small changes in s^cture weight assum^ 
negate an potential performance gains from increased propellant load (should structure 
weight assumptions be refined by more detailed design.) 

Configuration issues include: 1) Boattail structural design (more detail is n^^) 2) 

How are feedlines structure, TVC and other systems packaged in a shortened PM. , 4) 
ShouircxSmuring of L02 fccdlincs be considered?; 4) the pmfened 3 grrnM 
joint feedline concept exceed current gimbal joint technology limits . , ind 5) i Can 
system used for the reference staging concept be used with a shortened boattai . 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

The conclusions associated with tank stretch potential are: 1) The LH2 tank can be 
stretched 10-11 feet without major facility impacts; 2) The LH2 tank can be stretched 10- 1 1 
feet without a major change in die feedline concept; 3) An LH2 tank stretch of 10 feet can 
potentially provide a payload increase of about 3000 lb over the NASA 1 1/2 stage 
reference vehicle; and 4 ) Issues associated with shortened boattail structural design and 
packaging must be resolved to verify stretched tank performance improvements. 

These conclusions do not address the issue of, “Is tank stretch the best performance 
improvement option for the 1 1/2 stage vehicle or are other options such as increased 
engine thrust worthy of consideration?” 

The following recommendations relevant to stretched tanks were developed from the results 
of this study. Recommendations for cycle 1 study are: 

1) Analyze and develop a minimum length PM concept taking into account 
structural arrangement, packaging, staging, MPS arrangement, and feedline 
gimballing limits. 

2) Calculate minimum length PM mass properties and payload performance of a 
stretched tank/minimum length PM vehicle. 



3-P-001 MAXIMUM 17 NK STRETCH STUDY 
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Calculate the tank wall temperature lor the 900°R tank inlet temperature to assure 
tank material integrity at the higher temperature. 


tf) 


5 

o 

© 

X) 

“O 

© 

to 

■© 

CO 

>> 

“O 

3 

to 

© 

x: 

o 

© 

3 

© 

> 

CO 

E 

*W- 

CL 

a) 


T3 

© 

o 

© 

co 

© 

CO 

>* 

T3 

2 

to 

CO 


3 

CO 

© 

DC 

o 

tf) 


O) 

c 

'co 

CO 

0) 


CD 


c . 
x> o 


o 


CO 

c 

o 

*<3 

CO 

-o 

c 

0) 

E 

E 

o 

o 

0) 

DC 

-o 

c 

CO 

CO 

c 
o 

CO 


CO to 3 

m 3 3 


3 

CO 

a) 

L. 

CD 

x: 

1- 


-o 

0) 

> 

CO 

CO 


o 

o 


c 

© 

© 

CO 

CD 

5 


O) 

'<D 

C 

o 

to 

M 

'u 

3 

CO 

CO 

CD 


tr 

o 

LO 

LO 

h- 


o 

o 

o 


CD 1 
OlO 

o 

CO CD 
O w 

O o 

© o 
0)0 

©S 

*S» 

X 
© 


E 

© 

© 

© 


© 

^ - 
cc a: 

o o 
O 
O 
O) 

o 


o 

CO 


© 

© 

X 

c 

o 


c 2 
© 

E 
© 

o 


c 

o 

o 


o 
_ o 

CL^ 

2 E 
© 2 

3 ~~ 


C 
_ O 

- E ^ 

© © 
O © 

1-2 

£. 2- 

2 
3 


© 

3 

© 

> 

© 

© 

-C 


© 

© 

© 

© 

© 

2 3 
O <*= 

c 


© 


“o © •— 2 -r, 
w. __ “O m 

c 5 £ 3 © .c 
® <e 2 ST© ~ 

c -jg © S © 


© 

E © i- _ w 
© o-o= E ©: 
> F o. 5 o © 
2 © E « 

CO — 


g CS 

•- — = 

2*3 5 
o 5 

o 

g.® c 

CO 

« s 

«o|S 


© 
© 
© 

© 
w 

o 
c 

© 

ro2 


©2 
E ~o 

cn © 

£=. 
m o 

I £ 


q> 

o 


“O 

© 

© 

•o 

s © 

o 

© 

E 

© 

© 

CL 

w 

© 

O) 

c 

© 

a 

x 

ID 

*-» 

© 

© 

X 

ID 


l- 

CO 

o 

CM 

2 CD 

CO 

o 


o 

c 

O 

O 

o 

CO 


O x 

1*® 

g_© 
a - © 

© jC 
£ © 


T3 

C 


CO to 

|i 

o-£ § 

O C o ^ 

8-isfe 

£ = £ tr 
8 ?£u- 


© 

D 

O) O 
= 2 


o 

a. 

Q. 

3 

0) 

o 

r^ 


X 

3 

CL 

H 

CO 


O) 

o 

CM 

c3 


“O 

© 

© 

*o 

© 

a 

c 

© 

E 


© 

CL 

u. 

© 

O) 

c 

© 

3 

O 

X 

LU 

© 

© 

X 

LD 


C/D 

I s -" 

CM 

O 

i 

X 

i 

CO 

u 

© 

X) 

E 

3 

z 

© 

© 

H 


co 

c 
© 

I 

o 
© 

S x 

< 1 

°. CO 
00 




MARTIN MARIETTA 






MANNED SPACE SYSTEMS 



CO 


0 

c 


CD 


<U 

£ 

E 

3 

C/) 

0) 

> 

3 

O 

o 

X 

LU 


o 

c 

3 

CO 


CO 

c 


CO 

© 


CO 

’to 

>> 


'O) CO U- 

c5 0 cd 

. . jr — CD O 

S E .2 18 ® 

J 

21. .1=5 

© *35 >* °--5 
co co 5 >. £2 
© co 

SS « 

8 is «o 

m t3 c C 5 © 

CO CD ~ C 

o *=Q © © 

g <D T! ® 


to t 

CD 


CO 

E 

’co 


og 

CO c 

o 
o 


•— -zz 

03 o s tr 


c 

< 

CD 

o 


03 ©2 

5 © © 

li 


©c/3-^ 

E o 


o — 

1§ 03 

°rl 

C 3 

•£cO 
co CO 

32 

o 


o 

03 


co 

3 

O 

W- 

o 

£ 

CD 

> 


CO 

CO 

CO 

CL 


U--Q 

5 CD 

2 c 

CO “ 


© •§ , 

2 >* w 

T3 -O 

C\J 3 

X 


__ c 

-— 03 CO 

'■ 0)N 

03 E © 

® o 2 o) 

S-af8 

£ CO 03 03 

§*|* 

®S S-5 
o co v co 

c o ^ 
Q) <D q 

-ru 2 
' C 

C 03 CO 

o £ Q 

CL~ >, 

= ©.a 
*o * 

03 X 
O) 
C O) 
03 t- 
© . 
03 O 

e* w . 
«*2« 


E 

CO 
CO 
CD 

— CO 

co 


— 

> $ CO-O 

^ ri'i 


- c <D 

E © £ 

2 cnS 

>,.E <o 

?n -O — 

0) o 


% s •£ i ;gw 

CQ cv 8^^ 

Hi! 

• 'jE 


co" ©5 

co “ J 

o CO *5? 

V -c 0 

Q_ Q_ 

co E >, © 
Q 

« >*< 

C/3 - 


€0 O *- to 


c 

— 0 
w 0 C/5 u_ 

o-tr 3 © 
•O o O) C 
c Q-3 0 

co 2 < O 


£ 

CD 

$ 

CO 

c 

,0 

CO 

"D 

c 

CD 

E 

E 

o 

o 

CD 


CO 

CO 

c 

o 

‘co 

D 

o 

c 

o 

O 


CL 

E 

3 

CL 


X) 

<D 

O 

3 

“O 

o 

k— 

CL 

O) 

c 

CD 

-Q 

u- 

o 

Q. 

CO 

> 


T3 
1 O 
o ® 

C £ 0 
*3 0 — 
CO 


<D 

o 

c 

3 

C 

o 


Q-o 
§£ 
03 O 

ES 

o 3 

O O 
_ © CO 
_© •© C\J 

© O J= 

o .5 

0 = 

03 > 

-ES 

CD a) 

>% S: 

0 o 

Q) ^0 


“O 

CD 

k» 

’3 

O’ 

CD 

w 

C 

o 


“O 

£ 

*5 

O’ 

CD 

^ u 
0) 
o 

5k 

O 

CD - 
>- T3 
0 CD 


3 O CO 


CO 

N 

\- 

3 

CO 

CO 

CD 

L. 

Q. 

0) 

. u 

.E c 


E o to 2 

to © 

o..y 


in 


3 

to 

<0 


C/3 03 
Q_ ‘ 


© Si 
<0 

S © 

O 03 

1.2 

|l 

2 *" 

to 

03 - 3 
C O' 

'03© 
8 03 


.-rit = 
Ol© O $ 

© © -E S 
S 03 2 Zr°- 


O 

3 

"O 

CD 


O c 


CD 

_Q 


0 CD 


0 

0) 


> 2 

0 O) <0 

£ CD 

p c 

O) 

c 


-D .5 


E CD 0 

co £ 

to c o 

>» C N 
C/3 05 *v_ 

g-2 c 

.E o o 
C/3 C/3 Z 


c 

© 

03 . 

O to 

±z tO 
ID <D 

U. 

JZ CL 

“o £ 
3 o- 

O- J- 
*_= 0 

©‘co 
■o 


cO_ 

_I _ 

8-2 o 
2: o to c 
□lx: © to © 

■5® Lis 

E ro c ra "o 
©n= 03fe © 
©2 (0 o •= 

• § “ og- 
“2 2 £ 

§■ © 2 ~ .1 

|. 


© 


© o 


© 


© 


2 © 
© © 

» s- 
• © 


© 9- To 

E |3 

o g © 

-Q ^ >> >> © 

~ © © © © 

8-222 x 

CC . . . . 


CO 

5 


0 

0 


MARTIN MARIETTA 



CO 

CO 

o 

cL| 

col 


0 

c 

< 

<D 

o 

c 

0 

£ 

k. 

o 

r 

0) 

Q. 


O 

A 

£ 

3 


0 


c 

o 

0 

3 

O 

o 

0) 

CE 




0 

(0 

a. 

CM 

I 


C 

IE 

0 

‘c 

w. 

3 


0 

-o 2 

l-s a 

2l'§ 

= *“ w 

to c £ 

03.2 o. 

To <o 

•sf 

3 eg 
co +* 
co x: 

CD .ti 

o 0.5 

03 £ ® 

3 °-.£ 

0 ^ 

CL O -q 

0 o 

<D 

-Q 

O 

CO 

0 

o 05 05 
O-.S 3 

ell 

® 3 

w 9- 

in 

! c2B 

.9 o 

O 3 N 

•oS| 

£ 5>S 


£ -o 

co 


CO ‘ 


CO 

CL 


c 

o 


CO 

£ 

£ 

3 

CO 

o 


o 10 

<D 2 £ 

> 2 Q- 
W 03 
c/3 ^ £ 

Q.S £ 

s 33 CD 

3 ” 

0 to £ 

-c o w 


E 

£ 

to 

>* 

CO 

"O 

<D 

0 .. 

-O 

o 

c 

c 

CD 

CD 

O 

k_ 

T3 

>N 

x: 

CD 

O 

c 

CD 

k. 

o 

t5 

(D 

x: 


CD 

O 

c 

CO 

E 


CD 

Q- 

CD 

£ 

O 

'“O 

CD 


0 


U- 

0 

0 


-o 

3 

C 

E 

a> 

c 

0 

a 

E 

a 

-o 

0 

CO 

1 

o 

>_ 

a 

3 

0 

3* 

O 

to 2 

o 

ci 

O 

H 

o 

CO 


£ 

£ 

to 

>% 

CO 

0 

0) 

X) 

I 

o 

3 

c 

o 

£ 

o 

‘o 

0 

cc 

0 

> 

’5) 

CO 

CO 

a 

CM 

X 


0 

sz 


0 

o 

c 

0 

E 


0 

CL 

0 

x: 

+-* 

0 

II 

I 0 
0 0 
C5Q 


c 

o 

0 

3 

O 

O 

0 

w. 

0 

> 

0 

0 

0 

Q- 

CM • 

5 ! 

15 

3 o 
o-c 

co "2 
9 £ 

•^5 CO 
co . 

C CO 

o c 

o ® 

CO £ 

| w 
O 0 

0 .E 
£=o 

p 

o C 

•co 

0 t5 
Q.« 

<u .t=: 

.c co 

H at 
o c 

o> © 

- £ 
-o >* 
c © 
co o> 

To ® 

u CO 
03 03 
"O CO 

c <0 
3< 
c 

O CO c 

Sec 
o •— 

05 CO CO 
0-0 >> 
CO w 


■O 

0 

N 

*u 

3 

0 

0 

0 

Cl 

c 

3 

T3 

c 

0 

T3 

0 

N 

3 

0 

0 

0 


0 

> 

0 

0 

w 

E 

0 

to 

>* 

0 


. 0 
CD O 
C C 
*3 0 
0 p 

0 E 
-c o 

o 

~ CD 
<13 Q- 

3 0 

•o C 

e'E 

CO *- 
= 0 

g_0 

o"° 


. - E °*c 

co Q- § -p •£ 

§-ggSS 

»<S 2 Q-^ 
?£a| 05 

«*5§J-*g 

.52 o o o 10 

^ = X °-o 

osi gf 

c £ = E co 


cn 

S 

UJ 

H 

0) 

> 

0) 

U1 

o 

< 

Q. 

(fi 

a 

UJ 

z 

z 

< 


o 

CL 

CO 

> 

03 

c 

’to 

co 

CO 

Q- 

o 


CO 

03 

03 


rs 5 

0 
a 
c 
0 


o 

0 

o 

k. 

CL 

a. 

< 

o 

^r 


E a. co ® 03 

£ ^ 03 § CO 

•§S- c ' 5 To 

Q_— C 03 9 

Q ® 03 co = 
is .= C >- ^3 
f- 03 03 Q5 03 
-i- <— — 03 


O 03^ ©-£ = S 

Cl CO CO )= 05 m 

— 03 *=; co 

9- 3 3£ 3 03 

®Oc^W 
03 CO O CO 03 

fooocc 


03 

Q. 

c 

03 

cn £ 

t2 O 

E w 

— 03 
03^ 

1 1 

03 CO 

O) • 




5.0 Results 

The results of this study are attached. The primary results are listed below. 

6.0 Conclusions and Recommendations 
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Executive Summary 
The NASA Statement of Work for this study reads as follows. 
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5.0 Results 
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• Forward recirculation'. 

Predictable, good experience with systems. 
Hardware complexity a disadvantage 
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LH2 Tank Pressure Limits 
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APPENDIX A - DETAILED RESULTS 
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l.o SUMMARY 

The Maximum Tank S^teh Ufl^ NLS 

LH2 tank can realistically be stretched acn nrooulsion module (PM) concepts, 
vehicle. The r nSwinM^^associated with LH2 tank stretch and potential payload 

a^c“ «d with a stretched onk 11/2 aage vehicle. 

It was found thM relaxation of SSeabot^d^^M tength and 

the NLS 1 1/2 stage vehicle. 

Perfotmancc and configuration issues waging ^^m^m^ting and^M 
mixture ratio, PM structural rngmt j P^kaging, g^ ^ ^ issues sh w * 

Mkhw^'m C^cle l^t^es lwfcxei^ benef.ts of a stretched tank option could be fully 

evaluated. 

2.0 OBJECTIVE 

The objectives of the maximum tanks snetch study, 3-P-001, am twofold. 

One of the study objectives is to *™Mge NLS vehicle. It must be 

can be stretched to ac ^ ie J e ^5 ) ^^l_ u i s ; on System (MPS) can be shonened. This 
determined how much the Main P p ^ while retaining a propulsion 

translates into how much the LH2 reference The manufacturing and facilities 

^asS&S^™*ing dte LH2 tank must also be determined ,0 define realtsttc 

stretch limits. 

The second study 

^Ttardfis^OTKtlwdsli^dy^^^ engine mixture constan^as the LH2 tank is stretched. 

3.0 APPROACH 
The approach taken 

4 


in this study consisted of a three parallel path task L^K^S 
f^^of S& ^— 3112 


shown in 

concept 

tank stretch 
study (3-S- 


and from that calculating P^am performed under another related contract 
: -il. A second set of 135 JfL e maF manufacturing and facilities 11 

£d d SSfSl A S* « 

wdSTaytod^rformance affected by these issues. The results of all three 


list of 


1 



sets of tasks were coordinated to tfcveiop concisions teladv. » tank snetch and a set of 
recommendations for Cycle 1 were developed. 

4.0 RESULTS 

4 1 GROUND RULES AND ASSUMPTIONS 

Certain constraints imposed by the NLS “ 

basitined in tite NLS reference 

configuration. 


tUUUgUiftuwM. t , 

• * line Unoth riven the sbovc constraints &nci 

Assumptions weredcvclopcd to rnmnuzc he ^? S imi ^ t ^ the NLS reference. These 
consistent with a Propulsion Module TPM) £ s gn controls minimum length MPS, 

assumptions included that the L . uscd q° s i 0 pe is minimum for all luies, 15 

minimum length c f onlo ^ fc ®S?^Shv^issoR ducts would not be used in feedlmes 
R/D is minimum for pipe bends and lengthy scissors uu 

to accommodate engine gimballing. 


4.2 MINIMUM LENGTH MPS 


4.i ivllPtiiVium 

All effort to shorten the MPS was The' ’ 
booster feedline. This length controls the • ; n i ets w ith pipe bends of R/D -2.3 

baseline configuration usesscgsorsductsath $ t0 pipe bends to R/D - 

and minimum line slopes of 15 . By changi g the i ^ sgjintt This reduenon translates 
1.5, the MPS was shortened by ^ n ^ s J h el R epl acement of the scissors ducts with 3 pipe 
into 37 inches of potential LH2 tank streten. P w$ thc ^ to bc shortened 69 

PVC ducts required for larger gimbal 8 , pyp 

length by 39 to 72 inches depending on length of the PVU 

— — . amp/' 


for potential to 

with longer 

reduce the MPS 


tank length vs facility impacts 


4.3 1 

An examination of MAF manu^ctuimg ^ s ^ d ^“h theTm mricMt was found 
revealed several facility to 5 feet (NSL baseline) are mmor. 

that modifications necessary to stretch *e ^ ^ from 5-11 feet are considered 

Facility modificanons necessary to stretch me u feet would require major 

significant but not major. To stretch a LH2 g ^ new facilities. It was found that 
modifications to existing productwn faalitiM d ^Jnmodate LH2 tank stretch would be 
modificadon of certain one-of-a-tand tailiue A mdC cME (internal LH2 cl<anfmdite)are 
critical facility impacts , ^Cell A (core ;emks for tank stretch limits of 12 and 17 

^p^^^°Tank sffewIibeyOT^ these Untirs would retire a new cell. 

a th facility impacts were studied under a company 

sm,ch iensth ,hat 


2 


u 


increases in unique sieps as various facilities are modified to accommodate increasing tank 
length. 

jhis cost trend reflects the facility modification break points at 1 1 ft and 17 feet of stretch 
discussed above. 

4 4 SENSITIVITY ANALYSES 

'%£t& »P » ■ - W* >“ *“ 

12 feet 

The payload perfonmmce of die 1 10 

that increasing the enghre thruafrorrfdus MLS torelir® (580 KSL) to 640 K (SL) improved 
performance and better utilized the stretch tank capabilmes. 

4.5 PAYLOAD PERFORMANCE 

Payload performance of the 1 1/2 stage vehicle ^^’f’^flOf? Thf' 
weight trends for three LH2 tank lengths, STD ET, NLS refr ( ) nls 

length of the L02 tank was adjusted to ,^"TveTw?re 4TrSd lt was found that the 
refr STME (580K) and a 640K engine tost l«el wot trisot^-^i a „ 

NLS 1 1/2 stage vehicle payload requirement o^O^b cw benwi ^ ^ 64QK 
Snef (1.2) for the 10 ^vehicle. It appears that 

the NLS ref., length (5 ft stretch) with 640K engines is the better optio . 

5.0 TECHNICAL ISSUES 

Technical issues that evolved from the 3-P-001 configuration and sensitivity studies can 
begrouped into performance issues and configuration issues. 

Performance issues include: 1) ^ 

allowing engine mxture ratio to decrnse JJ™'* ^ i csscnc d to eliminate the need for 

Engine out capability (Can engine out req . more costly engines be used to 

tank stretch?); 3) Increased en pP®v^* S pw height vs Length is not well defined (should 

weight assumptions be refined by more detailed design.) 

Configuration issues include: SrtCT^PM?;^) 

How are feedlines structure, ^C an ^siderod?; 4) Does the preferred 3 gimbal 

Should external routing of ^“^t tt chnology limits?; and 5) Can the rail 

syMcm^s^forthc reference s“ ging Stncept be used with a shoneued boa, ail? 


i 


6.0 


CONCLUSIONS AND RECOMMENDATIONS 


O.U 

The conclusions associated with tank ^ 10-11 

stretched 10-11 feet "nthout 3 ) An LH2 tank stretch of 10 feet can 

feet without a major c^S'jn 'he ferine co ^ ^ NASA 1 1/2 stage 

potentially provide a K^^^SmdSSth shortened boattail structural design and 
^V^^so^e^'S.ed tank P«fosmance improvements. 

, . , . the ; ssue of, “Is tank stretch the best performance 

S^nT^oX ^Ufl stage vehicle or are other options such as increased 

engine thrust worthy of consideration. 

yrs'ssss". 1 sts ” *“ l *“ “ “ 

gimballing limits. 


2 ) 




Calculate minimum length PM mass properties and payload performance of a 
stretched tank/minimum length PM vehicle. 
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Minimum Length MPS Using Scissors Joints 



CO 

© 


o 

© 

1c 

H 


© 



o 

© 


© 

© 


X) 

JC 

o 


c 

c 


© 



© 

© 

h- 

CO 


Q. 

>* 


O 

-O 


© 

o> 


© 

c 

© 

© 

c 

=5 

c 

e 

3 

o 

k_ 

© 

© 

© 

CM 

X 

e 

c 

'c 

E 

3 

© 

0) 

-J 

o 

CM 

k_ 

© 

uo 

X 

-J 

© 


© 

o 

IT) 

o 

X) 

cvi 

-C 

© 


c 

o 

© 

-C 


r: 

o 


Q 

o 

CE 

-C 

© 


© 

-O 

c 

£ cj> 
-O c 


c to 

o c 

o 05 
O 

2^ 
CO — J 
0) 

CL CO 

.2 c 

CO Q 

© o 

£ CL 


3 c 
to — 
0) 

g! 

5g> 

® ® 
c ® 


® c 

.9-0 

°---§ 
*•— X 

°-o 
c © 
o 

II 

© r^. 

CC co 


12/10/91-1 






Minimum Length MPS Using Glmbal Joints 
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Minimum Length MPS Using PVC Ducts 
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Length MPS Feedlin© Clearance Critical 
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Tank Length vs Facility Impacts 


MAF Modifications For LH2 Tank Stretch 
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1.5 Stage Vehicle-Stretch Tank Performance 
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Summary 

is considered to be a viable anti-geyser and propellant conditioning 
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Evaluation Matrices 

The two evaluation matrices on the following pages summarize the above 
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Option A-1 - On-Board L02 Bleed 
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Option D - Overboard Bleed To Atmosphere 





Task 3-P-019 
Addendum 





Summary & Conclusions 

not be expected to have subcooled propellant 
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5.0 Results 

The results ol this study are attached. The primary results of the study are listed below 
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The liquid vapor pressure at MECO has been assumed to be a constant 20.2 psia for 
all of the above trades. As minimum tank pressures are approached, there is an 
increasing gain for reduced vapor pressure. 
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When system payload Impacts are evaluated: 

• The tank pressure effect on weight is evaluated at BECO (AP = 8 psig 
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The pressurization system weight is the sum of hardware and ullage residuals at MECO. 
A decrease in this weight for an otherwise fixed launch system allows a corresponding 
increase in payload capability. 

The hardware weight was assumed to be approximately that for the Shuttle ET, or 
about 450 lbs., and not a variable with heat exchanger outlet temperature. 
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Helium Pressurization System 
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Helium Bottle Packaging 

Preliminary packaging of helium bottles appears feasible. Dependent on final thrust structure, 
feedline arrangement and propulsion module length. 
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Ambient Helium Pressurization System Equivalent Weight 
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Calculate the tank wall temperature lor the 900°R tank inlet temperature to assure 
tank material integrity at the higher temperature. 
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The facing page shows the heat exchanger location in the engine system. 
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5.0 Results 

The results of this study are attached. The primary results are listed below 
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The Reference C onfiguration 

Our analysis was based on a Martin-Marietta version of the NASA reference feedline 
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The reference hydrogen no-bleed system will have a very rapid warmup rate 
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• Forward recirculation: 


CL O 
11 
ti 

.E a 
o c 
c .E 

0) -H- 

— -o 
co -5 

<D 2 
<0 x: 

£ « c 

<1) Q) C 

>.»•>§ 

" S’e-S 

«£ -p- cl-*- 

*zr E * CO 
5 «TD © 
05-0 

O CO ® qj 

gS fl i 

■C^tJ C 

® « CO 2 

9->oE 

5^*81 

■o ® ® 53 
OQ.SS. 

o>|s *55 

©S'iS 

His 

m J= g>0 
Sr <0 o jf 
fl.XI- 0 - 


MANNED SPACE SYSTEMS 




Task Numb er 3 -P -034 
I H 2 Bleed/ Ror irri ■lation Stud: 


£ tn.£ 

03 CO CO 
w *C **" 
03 03 03 

£ o£ 
o 2 o 
— (0 *- 
to £ "O 
03 O 03 

to 03 .£ 
C O £2 

« § § 

o 03 

S-S 


12 o> 

</) *Q) 

o 5 
E £ 

03 o> 

to *= 

>» <0 
to ^ 

■§§ 

CM C 

X 

- 1 3 
03 O 

— 

O Q) 

11 

Hf 

CO C 

c .2 

0 

‘3 3 
CS 

3 o 

2 Q- 

1 

51 

-o = 
o o> 
o w 

-O 

cn == 

>■8 

^3 03 
03 Q. 

3 o 

. 6 E 

: c s 

» (0 E 


to F 
03 C 

to m 
to ro 


O 0) 

g&£ 

S-'a-i 
I ® 5 ? 

1 g «2 

t -g S’ 

® 2 c 

S Q.O 
c ° c 

03 - E- 

■o ® £ 

03 03 (O 
OC> 
03 CO c0 

&■** 
5^ £ 03 
j= 3 .O 
15 3 03 

Co *ri 

CO CO *D 
03 3= 3? 
CL C ^ 

£2 8 
.00 
>.0— 
£ - O 

15 g ^ 

2 Q. X 
O C 0) 

T3 •- Q. 

£ tS E 

0.0 o 


CO c CO 

12 « C 5 . 

■o E 03 -o E 

m o - co 2 
o *t= QJ= to 

.. O CO *rn 

£ O.Q- £ to 

— 5 $ © E co "o 

Q- n u — „ 03 

ellS.E'Sg 


-o 

2 o) 

.2 j= 

■o *r 

03 O 


8 & 

> <D 

S ’5 


03 C 
O 03 

c 3 £ 

6 £ 

i_ w - 

O <D 

* 5 ^ 

Q--0 

03 C 
_C « 


c 0*0 p ® co -Q 

O O 0. 0 >H CO g 
f-(/)G to .c 


i 


MANNED SPACE SYSTEMS 



5.0 Results 
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The Forward Recir culation System 
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The following two figures summarize the comparison between the candidate systems. 
The numerical comparison reflects the verbal comparison. 
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Summary * Conclusions 
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A pproach 

Generate baseline ullage pressure for HLLV and 1 .5 Stage 
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